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l,l-BIS(4-AMINOPHENYL).3-ALK:YLCyCLOHEXANES AND METHOD OF 
PREPARATION THEREOF 

Field of the invention 

5 The present invention relates to new aromatic diamines. More pairicularly, the present 

invention relates to new aromatic diamines prepared from cashew nut shell liquid (CNSL), 
which is a renewable resource material The present invention particularly relates to novel 
I , I -bis(4-aminophenyi)-3-aiky Icyclohexanes and to a method for their preparation 
Background of the invention 

10 Cashew nut shell liquid (CNSL) is known to contain compounds useful in several 

areas of chemical industry, such as plastics production The level of interest in CNSL is 
evident by the fact that technical grade CNSL is a commercially available product CNSL 
comprises a major proportion (typically about 80% by wt) of a materiaj sold commerciaJly 
under the trade name CARDANOL which comprises a mixture of 3'(pentadec-8-enyl)phcnoI, 

15 3-.(pemadec-8,ll-dienyl)phenol and 3-(pentadec-8,l l,14-trienyl)phcnol. Minor constituents 
mclude about 18% by wt. of a material also sold separately under the trade name CARDOL, 
which is a mixture of the corresponding 5-substituted resorcinols, and about 2% by wt. of 2- 
methylcardol, which is a mixture of the corresponding 2-methyl-5-8ubsiiiuted resorcinols, 
and other materials. 

20 The development of new aromatic diamines which are capable of providing polymers 

with high processability and are also useful in applications such as interlayer dielectrics, 
alignment liquid crystal films and light wave guide materials is an area of importance. It is 
known in die art that incorporating long alkyl chain in polyimide backbone provides 
materials with application in alignment liquid crystal films. It is therefore of great interest to 

25 synthesize new diamines with alkyl radical in their structure It is also of importance and 
interest to develop arotnatic diamines, which are easily and economically obtained from 
CNSL, since CNSL is readily available commercially and is also a renewable resource. 
Objects of the invention 

The main object of the invention is to provide new aromatic diamines from naturally 

30 occurring materials such as cashew nut shell liquid. 

It IS another object of the invention to provide a class of novel l,l-bis(4- 
aminophenyl)-3-alkylcyclohexanes, from naturally occurring materials such as cashew nut 
shell liquid. 
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It 18 another object of the invention to provide a process for the preparation of a class 
of novel 1,1-bi3(4-aminophenyI)-3-alkylcyclohexanes, from naturally occurring materials 
such as cashew nut shell liquid. 

It is another object of the invenuoo to provide a simple process for synthesis of novel 
aromatic diamine starting from naturally occurring cashew nut shell liquid (CNSL) which is 
capable of providing processable polytmides, polyamides, polyazomethines and the like. 
Summary of the invention 

The present invention provides novel aromatic diamines synthesized from naturally 
occurring and renewable resources such as CNSL, which have application in manufacture of 
processable polymers polyimides, polyamides, polyazomethines and the like 

Accordingly, the present invention provides a I,l-bis(4-aminophenyl)-3- 
aJkylcyclohexane of the formula I 



15 



20 



23 



Formula I 

wherein R is an alkyl radical with at least 8 carbon aioms. 

In one embodiment of the invention, R is pentadecyl. 

The present invention also relates to a process for the preparation of l,l-bis(4- 
aminophenyl)-3-alkylcycloheKane of the formula I 




Formula I 

wherein R is an alkyl radical with at least 8 carbon atoms, said process comprising: 
30 (a) hydrogenating a composition comprising substituted phenols of the formula 11 



HO 



Formula 11 
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wherein R' is an alkyl or alkenyl radical containing at least 8 carbon atoms, to the 
corresponding substituted cyclohexanois; 

(b) oxidizing the substituted cyclohexanois to corresponding cyclohexanones; and 

(c) reacting the cyclohexanones obtained in step (b) with aniline in the presence of an acidic 
5 catalyst to obtain the compound of formula I 

In one embodiment of the invention, R' is selected from the group consisting of 
pentadecyi, Cm mono-olefinic radical, Ca di-olefinic radical, C15 tri-olefinic radical and any 
mixture thereof 

In another embodiment of the invention, the composition of step (a) is cashew nut 
10 shell liquid. 

In another embodiment of the invention, step (a) is carried out at a temperature in the 
range of 120-1 SOT and a pressure m the range of 500 - 700 psi, in the presence of a Group 
VIII metaJ catalyst 

In yet another embodiment of the invention, the Group VBI metal is ruthenium. 
13 In yet another embodiment of the invention, the oxidation of step (b) is carried out 

usmg an oxidizing agent selected from the group consisting of hexavalent chromium 
compound, a peroxide and molecular oxygen 

In another embodiment of the invention, the oxidising agent is pyridinium 
chlorochromate. 

20 In still another embodiment of the invention, step (b) is carried out at room 

temperature. 

In another embodiment of the invention, the acidic catalyst used in step (c) is selected 
from acidic clay and hydrogen chloride. 

In still another embodiment of the invention, step (c) is carried out at a temperature in 
25 the range of 140 - leO^'C. 

The present mvention also relates to a process for the preparation of l,l-bis(4- 
aminophenyl)-3"pentedecylcyclohexane, comprising: 

(a) hydrogenating a composition comprising 3-pencadecylphenol obtained from cashew nut 
shell liquid to 3-pentadecylcyclohexanol, in the presence of a ruthenium catalyst, 
30 (b) oxidizing 3-pentadccylcyclohexanol to 3-penldecylcyclohcxanone with an oxidizing 
agent; 

(c) reacting 3-pentdccylcyclohexanone with aniline in the presence of an acidic catalyst to 
obtain 1, l-bis(4-aminophenyl)-3-pentedccylcyclohexanc. 
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In another embodiment of the invention, step (a) is carried out at a temperature in the 
range of 120-1 SO^'C and a pressure in the range of 500 - 700 psi 

In yet another embodiment of the invention, the OKidizing agent is selected from the 
group consisting of hexavalent chromium compound, a peroxide and molecular oxygen. 

In another embodiment of the invention, the oxidising agent is pyridinium 
chlorochromate. 

In still another embodiment of the invention, step (b) is carried out at room 
temperature 

In another embodiment of the invention, the acidic catalyst used in step (c) is selected 
from acidic clay and hydrogen chloride. 

In still another embodiment of the invention, step (c) is carried out at a temperature in 
the range of 140- 160*^0. 
Detailed description of the invention 

The present invention relates to novel class of compounds l,l--bi3(4-aminophenyl)-3- 
alkylcyclohexanes which have potential application in manufacture of processible polymers 
required in for example, alignment liquid crystal films The compounds of the invention are 
of formula I 



where R is an alkyl radical containing at least 8, and preferably 8 to 18 carbon atoms Normal 
alkyl radicals are preferred. For example, the most preferred due to its availability in CNSL is 
the n-pcntadecyl (C15H31) radical 

The compounds of formula I, viz. 1,I-bis(4-aminophenyl>3-alkylcyclohexanes arc 
prepared by first hydrogenating a composition comprising substituted phenols of formula II 



^ ' Formula □ 

The R' radical is an alkyl or alkenyl radical, the latter being converted by 
hydrogenation to the corresponding alkyl radical concurrently with the hydrogenation of the 




Formula I 
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aromatic ring. In a preferred embodiment, the composition being hydrogenated contains at 
least one component of CNSL, particularly one or more of components of CARDANOL or 
hydrogenation products thereof and especially 3-pentadecylphenol Thus R' is preferably 
pcntadecyl, or a CIS mono-, di-, or trioleiinic radical, or a nuKture of any of the above 

5 The latter can be prepared by hydrogenation of the CARDANOL composition or 

constituents thereof and is also available commercially as so prepared from Cardolite Corp. 
Typically, hydrogenation conditions include temperatures in the range of 140 - 160'*C, 
pressures in the range of 500 - 1000 psi, and use of a catalyst, typically a Group VTIl metal 
catalyst such as Raney nickel Suitable conditions are disclosed for example in Indian Patent 

10 178216 and Madhusudan et al, Ind J, Tech, 1973, 347 - 3S0> the disclosures of which are 
incoq)orated herein by reference 

Any hydrogenation conditions effective to saturate an aromatic radical can be 
employed in the step of hydrogenation. Typical conditions include the presence of catalysts, 
especially Group VIII metal catalysts such as supported ruthenium or nickel Suitable 

13 supports include carbon, silica, alumina, siUca-alumina, aluminum phosphate, calcium 
phosphate, zinc alummate and zinc titanate Other conditions such as temperature and 
pressure can vary depending on the catalyst used. For example, in the case of Raney nickel or 
ruthenium on carbon, pressures in the range of about 500 - 1000 psi, preferably 500 - 700 psi 
and temperatures in the range of 120 - 1S0**C are typical As noted herein above, some of the 

20 same catalysts can be used to reduce the CARDANOL constituents to pentadecylphenol 
under milder conditions. Illustrative of conditions for the hydrogenation of the first step of 
the process of the invention are US Patent 4,503,273 and Sethi et al , Ind, J Chem.^ 1964, 178 
- 181, which are also incorporated herein by reference 

The second step of the process of the invention comprises oxidizing the cyclohcxanol 

25 obtained after hydrogenation, to the corresponding cyclobexanone The oxidizing agent 
employed can be any oxidizing agent capable of oxidizing the hydroxy radical to a ketone 
group Illustrative oxidizing agents include hexavalent chromium compounds such as sodium 
dichromate and pyridinium chlorochromate, hypochlorites such as calcium hypochlorite, 
peroxides such as hydrogen peroxide and t-butyl hydroperoxide and molecular oxygen, 

30 optionally activated by microwave radiation or the like. Pyridinium chlorochromate adsorbed 
on silica gel is particularly useful. The reaction temperatures for the oxidation step depend on 
the oxidizing agent employed For hexavalent chromium compounds, the temperatures are 
typically m the range of 35 - 80*C The amount of oxidizing agent is most often a slight 
excess over the stoichiometric amount, typically about a 10 - 25% excess. 
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The final step comprises of contacting the cyclohexaxxone obtained after oxidation 
with aniline under reaction producing conditions. Such conditions include the presence of on 
acidic catalyst, for example aqueous hydrogen chloride, acidic clays, or hydrochloric acid in 
the form of aniline hydrochloride. Temperatures in the raio^e of 140 - 16(y*C arc typical The 
5 intermediates and product in each step of the reaction can be worked up and isolated by any 
conventional means, such as solvent removal when a solvent is employed, washing, drying 
and recrystaUization. 

The invention will now be described by the following examples which are illustrative 
and should not be construed as limiting the scope of the invention in any manner. 
10 Example 1 

A solution of 30.8 g (100 mmol) of 3-pentadecylphenol prepared from CNSL in 140 
ml of isopropanol was taken in a 300 ml Parr reactor and 1.0 g of ruthenium on carbon was 
added. The reactor was pressurized with hydrogen at 600 psi and heated at 140"C until 
absorption of hydrogen ceased (about 2 5 hours) The catalyst was removed by filtration, 
15 solvent distilled off. and product was dried at vacuum. The compound obtained was 3- 
pontadecylcyclohexanol in a yield of 31.0 g (99% of theoretical). 
Example 2 

Pyridinium chlorochroraate 21 0 g (96 mmol) was fined ground with 21.0 g of silica 
gel, 100 - 200 mesh and was suspended in 400 mL of dichlromcthane with stirring and a 

20 solution of 20.0 g (64 mmol) of 3-pentadecylcyclohexanol in 100 mL of dichloromethane 
was added at room temperature. The reaction was allowed to continue for two hours The 
reaction mixture was filtered and solution was passed through a column of cclite and siJica 
gel to give colorless filtrate The solvent was distilled off to get desired 3- 
pentadccylcyclohexanone as a waxy solid. Yield was 19 12 g (96% of theoretical). 

25 Example 3 

A 100 mL single necked flask fitted with a magnetic stirrer and a reflux condenser 
was charged with a 10.0 g (32 mmol) of 3-pentadccylclohexanone, 8.4 g (65 mmol) aniline 
hydrochloride and 12 05 g (130 mmol) of aniline The resulting mixture was refluxed at 
140X for 10 hours under positive pressure of nitrogen. The reaction mixture was cooled to 
30 room temperature, diluted with dichloromethane, and washed with aqueous sodium 
hydroxide solution and water and dried over sodium sulfate. Solvent was distilled off and 
excess aniline removed under vacuum The desired l,I-bis(4-aminophenyl)-3- 
penxadecylcyclohexan was obtained in a yield of 5 4 g (35% of theoretical) M.p. lO?^. 
Advantages of the invention 
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The present invention provides a sixnple procedure for the synthesis of a novel 
aromatic diamine starting from naturally occurring compound CNSL, which has the potential 
to provide proecssible polyimides, polyamides, polyazomethines. etc 

The process of ihe invention is simple and easy to work up. 

The process of the invention is economical, since it uses a naturally occurring and 
renewable resourse CNSL 



